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1. The following indications appeared on record concerning: 

X the applicant | | the inventor [ | the agent | | the common representative 


Name and Address 

NOKIA TELECOMMUNICATIONS OY 
Keilalahdentie 4 
FIN-02150 Espoo 
Finland 


State of Nationality 
Fl 


State of Residence 
Fl 


Telephone No. 


Facsimile No. 


Teleprinter No. 


2. The International Bureai 
| | the person 


j hereby notifies the applicant that the following change has been recorded concerning: 
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State of Residence 
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| X | the International Searching Authority | | the elected Offices concerned 
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Authorized officer 
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For receiving Office use only 
nternational Application No. 


PCT/FI 99/00366 


0-2 


International Filing Date 








0 3 MAY 1999 ( u 3. os. 99 ) 


0-3 


Name of receiving Office and "PCT 
International Application" 


The Finnish Patent Office 
HL, I international Application 


0-4 

0-4-1 


Form - PCT/RO/101 PCT Request 
Prepared using 


Jr\-»X HiAoI version ^ • o-j 

(updated 01.03.1999) 


0-5 


Petition 

The undersigned requests that the 
present international application be 
processed according to the Patent 
Cooperation Treaty 




0-6 


Receiving Office (specified by the 
applicant) 


National Board of Patents and 
Registration (Finland) (RO/FI) 


0-7 


Applicant's or agent's file reference 


T298036PC/nu 


I 


Title of invention 


METHOD OF MEASURING SIGNAL TIMING, AND 
RADIO SYSTEM 


II 

.11-1 
1 1 -2 
11-4 
11-5 

11-6 
1 1-7 


Applicant 

This person is: 

Applicant for 

Name 

Address: 

State of nationality 
State of residence 


applicant only 

all designated States except US 

NOKIA TELECOMMUNICATIONS OY 

Keilalahdentie 4 

FIN-02150 Espoo 

Finland 

FI 

FI 


111-1 

111-1-1 

111-1-2 

111-1-4 

111-1-5 

111-1-6 
111-1-7 


Applicant and/or inventor 

This person is: 
Applicant for 
Name (LAST, First) 
Address: 

State of nationality 
State of residence 


applicant and inventor 

US only 

KARNA, Juha 

Tontunmaentie 31 A 1 

FIN-02200 Espoo 

Finland 

FI 

FI 
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UI-2 
111-2-1 

III-2-2 



1I I-2-4 
III-2-5 



III-2-6 
III-2-7 



Applicant and/or inventor 

This person is: 
Applicant for 

(LAST, Fi r st) 



applicant and inventor 
US only 



Name ( 



Address: 



HOTTINEN, Ari O^ 

Ristiniementie 

FIN-02320 Espoo 

Finland 

FI 

FI 



oco 
<1 



u- 

o 

<J 



III-3 
1 1 1-3-1 

II1-3-2 

III-3-4 

III-3-5 



III-3-6 
III-3-7 



IV-1 



IV-1-1 
IV-1 -2 



State of nationality 
State of residence 



Applicant and/or inventor 

This person is: 
Applicant for 
Name (LAST, First) 
Address: 



State of nationality 
State of residence 



applicant and inventor 

US only 

HELENIUS , Jyri 

Timpurinkuja 1 A 15 

FIN-02 600 Espoo 

Finland 

FI 

FI 



Agent or common representative; or 
address for correspondence 

The person identified below is 
hereby/has been appointed to act on 
behalf of the appiicant(s) before the 
competent International Authorities as: 
Name 
Address: 



IV-1 -3 
IV-1 -4 
IV-1 -5 



Telephone No. 
Facsimile No. 
e-mail 



agent 

PATENTTITOIMISTO TEKNOPOLIS KOLSTER OY 

C/O KOLSTER OY AB 

Iso Roobertinkatu 23 

P.O. Box 148 

FIN-00121 Helsinki 

Finland 

358 9 618 821 

358 9 602 244 

kolster@kolster . f i 
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V 1 

V-1 \ 

I 


Designation of States 

Regional Patent A 
other kinds of protection or treatment, if 
any, are specified between parentheses 


kp : GH GM KE LS MW SD SZ UG ZW and any 
other State which is a Contracting State ^ 
of the Harare Protocol and of the PCT <JsL^ — 




after the deslgnation(s) confined) 


EA: AM AZ BY KG KZ MD RU TJ TM and any 
other State which is a Contracting State 
of the Eurasian Patent Convention and of 
the PCT 

EP- AT BE CH&LI CY DE DK ES FI FR GB GR 
IE IT LU MC NL PT SE and any other State 
which is a Contracting State of the 
European Patent Convention and of the 
PCT 

OA: BF BJ CF CG CI CM GA GN GW ML MR NE 
SN TD TG and any other State which is a 
member State of OAPI and a Contracting 
State of the PCT 


V-2 


National Patent 

(other kinds of protection or treatment, if 
any, are specified between parentheses 
after the designations concerned; 


AE AL AM AT (patent and utility model) 
AU AZ BA BB BG BR BY CA CH&LI CN CU CZ 
rnatenf and utilitv model) DE (patent 
and utility model) DK (patent and 
utility model) EE (patent and utility 
model) ES FI (patent and utility model) 
GB GD GE GH GM HR HU ID IL IN IS JP KE 
KG KP KR KZ LC LK LR LS LT LU LV MD MG 
MK MN MW MX NO NZ PL PT RO RU SD SE SG 
SI SK (patent and utility model) SL TJ 
TM TR TT UA UG US UZ VN YU ZA ZW 


V-5 


Precautionary Designation Statement 
In addition to the designations made 
under items V-1 , V-2 and V-3, the 
applicant also makes under Rule 4.9(b) 
all designations which would be 
permitted under the PCT except any 
designation(s) of the State(s) indicated 
under item V-6 below. The applicant 
declares that those additional 
designations are subject to confirmation 
and that any designation which is not 
confirmed before the expiration of 15 
months from the priority date is to be 
regarded as withdrawn by the applicant 
at the expiration of that time limit. 




V-6 


Exclusion(s) from precautionary 
designations 


NONE 


VI-1 

VI-1-1 
VI-1 -2 
VI-1 -3 


Priority claim of earlier national 

application 

Filing date 

Number 

Country 


04 May 1998 (04.05.1998) 

980982 

FI 
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VI-2 


Priority document request 
The receiving unicc is requesieu io 
prepare and transmit to the International 
3ureau a certified copy of the earlier 


VI-1 




application's^ lucnuiicu duovc <*<> 

item(s): 




VIM 


International Searching Authority 
Chosen 


Swedish Patent Office (ISA/SE) 


VIII 


CnecK list 


number of sheets 


electronic file(s) attached 


VIII-1 


Request 


4 




VIII-2 


Description 


8 




Vlli-3 


Claims 


4 




VIII-4 


Abstract 


1 


t298036p.txt 


VIII-5 


Drawings 


2 




VIII-7 


TOTAL 


19 






paper document(s) attached 


electronic file(s) attacneo 


vm-8 


Fee calculation sheet 






VIII-10 


Copy of general power of attorney 


y 




VIII-16 


PCT-EASY diskette 




diskette 


VIII-17 


Other (specified): 


Copy of Official 
Action 




VIII-18 


Figure of the drawings which should 
accompany the abstract 


1 


VIIM9 


Language of filing of the international 
application 


Finnish 


IX-1 


Signature of applicant or agent 


^L<^ <^1<£2- UoLehtonen 


1X-1-1 


Name 


PATENTTITOIMISTO TEKNOPOLIS KOLSTER OY 
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10-1 


Date of actual receipt of the 
purported international application 


0 3 MAY 1999 


( 03 -05- 1999 J 


10-2 

10-2-1 
10-2-2 


Drawings: 

Received 
Not received 




10-3 


Corrected date of actual receipt due 
to later but timely received papers or 
drawings completing the purported 
international application 




10-4 


Date of timely receipt of the required 
corrections under PCT Article 11(2) 




10-5 


International Searching Authority 


ISA/SE 


10-6 


Transmittal of search copy delayed 
until search fee is paid 
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Date of receipt of the record copy by 
the International Bureau 
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Signaalin ajoituksen mittausmenetelma ja radiojarjestelma 
Keksinnon ala 

-K eksinto liittyy rad i ojarj e st el miin ja tarkemmin CDMA-radinjarjestel- 



maan. Keksinnon kohteena on signaalin ajoituksen mittausmenetelma, jota 
5 kaytetaan CDMA-radiojarjestelmassa, johon kuuluu ainakin kolme tukiasemaa 
ja paatelaite, jotka kertovat signaalin hajotuskoodilla, ja jossa menetelmassa 
tukiaseman lahetys kasittaa usean eri hajotuskoodilla lahetetyn koodikanavan, 
joista ainakin yhdella lahetetaan ennalta tunnettu symbolisekvenssi, ja jossa 
menetelmassa paatelaite on yhteydessa ainakin yhteen tukiasemaan, jonka 
10 ajastuksesta paatelaitteella on tiedot. 

Keksinndn kohteena on myos radiojarjestelma, joka on erityisesti 
CDMA-radiojarjestelma, joka kasittaa ainakin kolme tukiasemaa ja paatelait- 
teen, jotka on sovitettu kertomaan signaalin hajotuskoodilla, jossa radiojarjes- 
telmassa tukiaseman lahetys kasittaa usean eri hajotuskoodilla lahetetyn koo- 
15 dikanavan, joista ainakin yksi kasittaa ennalta tunnetun symbolisekvenssin, ja 
paatelaite on yhteydessa ainakin yhden palvelevan tukiaseman kanssa, jonka 
ajastuksesta paatelaitteella on tiedot. 

Keksinnon tausta 

Vastaanotetun signaalin tarkan kulkuaikaviiveen maarittaminen on 

20 tarkeaa esimerkiksi signaalin ilmaisemiseksi ja paatelaitteen sijainnin maaritta- 
miseksi. Paatelaitteen synkronoitumiseksi tukiaseman lahetykseen jokainen 
tukiasema lahettaa synkronointikanavalla (Sync channel) synkronointisignaa- 
lia. Synkronointikanavan signaali voidaan demoduloida ja ilmaista aina, kun pi- 
lottisignaali on tunnistettavissa. Synkronointikanavassa siirretaan tietoa tuki- 

25 asemasta, pilottisignaalin tehosta ja vaiheesta seka ylalinkkihairion suuruudes- 
ta. Liikennekanavan symbolien ilmaiseminen on mahdollista, kun yhteys la- 
hettimen ja vastaanottimen valilla on synkronoitu. Synkronoitu yhteys puoles- 
taan tarkoittaa sita, etta paatelaite tietaa signaalin kulkuaikaviiveen. 

Tunnetun tekniikan mukaisissa ratkaisuissa siirtosuunnassa tuki- 

30 asemalta tilaajapaatelaitteelle jatkuvia koodikanavia kuten pilottikanavaa voi- 
daan kayttaa synkronointiin. Tilaajapaatelaite voi etsia koodivaiheen ja siten 
synkronoitua tukiaseman lahetykseen ja siten maarittaa tukiaseman signaalin 
ajoituksen. Vastakkaisessa siirtosuunnassa tilaajapaatelaitteelta tukiasemalle 
tilaajapaatelaite aloittaa lahetyksen ja tukiasema etsii koodivaiheen ja maarit- 

35 taa paatelaitteen signaalin ajoituksen. Siirtosuunnassa tilaajapaatelaitteelta tu- 
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kiasemalle tulee esille ongelma, joka johtuu tilaajapaatelaitteen etaisyydesta 
tukiasemaan eli lahi-kauko-ongelma (near-far problem). Paatelaitteen paikan- 
nuksessa tata ongelmaa nimitetaan kuuluvuusongelmaksi. Yhden tukiaseman 

l ahella olevaa paa t e l a i te l ta eival in uut tukias em at kuule e i ka paat el aite lahc l la 

5 olevan tukiaseman hairitsevan lahetyksen takia kuule muita tukiasemia. Kun 
paatelaitteen ja ainakin kolmen tukiaseman vaiista signaalin kulkuaikaa ei voi- 
da mitata, ei myoskaan paatelaitteen sijaintia voi talla tavoin maarittaa. 

Keksinnon lyhyt selostus 

Keksinnon tavoitteena on siten toteuttaa menetelmS ja menetelman 

10 toteuttava laitteisto siten, etta ylia mainitut ongelmat saadaan ratkaistua. Tama 
saavutetaan johdannossa esitetyn tyyppisella menetelmalla, jolle on tunnus- 
omaista, etta paatelaitteelle valitetaSn palvelevan tukiaseman kautta tiedot ai- 
nakin yhden naapuritukiaseman lahettamasta ainakin yhdesta koodikanavas- 
ta, mainittujen tietojen perusteella paatelaite mSarittaa mainitusta ainakin yh- 

15 desta koodikanavasta ainakin hajotuskoodin ja arvion kunkin koodikanavan 
symboliajastuksesta suhteessa palvelevan tukiaseman ajastukseen ja nain 
muodostettujen koodikanavatietojen perusteella paatelaite kayttaa hyvakseen 
ainakin osaa naapuritukiaseman koodikanavista naapuritukiaseman signaalin 
ajoituksen mittauksessa. 

20 Keksinnon mukaiselle jarjestelmalle on tunnusomaista, etta palvele- 

va tukiasema on sovitettu valittamaan tiedot ainakin yhden naapuritukiaseman 
lahettamasta ainakin yhdesta koodikanavasta, mainittujen tietojen perusteella 
paatelaite on sovitettu maarittamaan mainitusta ainakin yhdesta koodikana- 
vasta ainakin hajotuskoodin ja arvion kunkin koodikanavan symboliajoituk- 

25 sesta suhteessa palvelevan tukiaseman ajastukseen ja koodikanavatietojen 
perusteella paatelaite on sovitettu kayttamaan hyvakseen ainakin osaa naapu- 
ritukiaseman koodikanavista naapuritukiaseman signaalin ajoituksen mittauk- 
sessa. 

Keksinnon mukaisella menetelmalla ja jarjestelmalia saavutetaan 
30 useita etuja. Kuuluvuusongelma helpottuu ja paatelaite voi synkronoitua myos 
naapuritukiasemien lahetykseen, mika mahdollistaa paatelaitteen sijainnin 
maarityksen. 



Kuvioiden lyhyt selostus 

Keksintoa selostetaan nyt lahemmin edullisten suoritusmuotojen 
35 yhteydessa, viitaten oheisiin piirroksiin, joissa 
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kuvio 1 esittaa radiojarjestelmaa, 
kuvio 2 esittaa liikennekanavia, 
kuvio 3 esittaa vastaanottimen lohkokaaviota ja 
kuvio 4 esittaa RAKE-vastaanottimen lohkokaaviota. 

5 Keksinnon yksityiskohtainen selostus 

Keksinnon mukainen ratkaisu soveltuu erityisesti WCDMA-radiojar- 
jestelmaan (Wideband Code Division Multiple Access) niihin kuitenkaan rajoit- 
tumatta. 

Kuviossa 1 on esitetty radiojarjestelma, joka kasittaa paatelaitteen 
10 100, kolme tukiasemaa 102 - 106 ja tukiasemaohjaimen 108. TSssa tilantees- 
sa voidaan ajatella, etta paatelaite 100, joka on edullisesti matkapuhelin, on 
varsinaisesti yhteydessS tukiaseman 102 kanssa. Tukiaseman 102 naapuritu- 
kiasemina ovat tukiasemat 104 ja 106. NSilla kaikilla tukiasemilla 102 - 106 on 
edullisesti yhteinen tukiasemaohjain 108, josta on yhteys edelleen esimerkiksi 
15 matkapuhelinkeskuksen (ei esitetty kuviossa 1) kautta muualle matkapuhelin- 
verkkoon ja muihin puhelinverkkoihin. Radiojarjestelman verkko-osaksi maari- 
tellaan muut radiojarjestelman osat yhdessa paitsi paatelaitteet 100. 

Paatelaitteen sijainnin mittausta varten tarvitaan signaalin kulkuaika 
paatelaitteen ja ainakin kolmen tukiaseman valilla. Aluksi paatelaite mittaa 
20 kunkin tukiaseman lahettaman signaalin vastaanottohetken TOA. Tukiasemien 
signaalien valiset aikaerot TDOA (Time Difference Of Arrival) tai OTD 
(Observed Time Difference) voidaan muodostaa laskemalla tukiasemien vas- 
taanottohetkien TOA erotukset, jolloin aikaerojen suuruudet ilmaisevat myos 
tukiasemien etaisyydet paatelaitteesta. Kun paatelaitteen etaisyys ainakin kol- 
25 mesta tukiasemasta tunnetaan, voidaan paatelaitteen sijainti maarittaa yksise- 
litteisesti. Vastaanottohetki voidaan CDMA-jarjestelmassS maarittaa kaytta- 
malla hajotuskoodin synkronointia hyvaksi. Kun tietty hajotuskoodin chippi 
(chippi on hajotuskoodin bitti) paatelaitteessa esiintyy ajanhetkella t1 ja sama 
chippi tukiasemassa esiintyy ajanhetkella t2, signaalin kulkuaika paatelaitteen 
30 ja tukiaseman valilla on t2 - t1 . Paatelaite mittaa ajan t1 ja tukiasema mittaa 
ajan t2. Keksinnon mukaisessa ratkaisussa paatelaitteen kellon ei tarvitse olla 
synkronoitu tukiasemien kellon kanssa. Kun paatelaite lahettaa ns. round-trip - 
signaalin tukiasemalle ja tukiasema vastaa tahan signaaliin, voidaan paatelait- 
teen ja tukiaseman aikaeron vaikutus poistaa. Jos tukiasemien lahetysta ei ole 
35 synkronoitu ja tukiasemien valiset aikaerot eivat ole tiedossa, pitaa round-trip - 
mittaus suorittaa kaikkien niiden tukiasemien kanssa, joiden signaalien ajoi- 
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tusta paatelaite mittaa. Synkronoidussa verkossa tai tukiasemien valisten ai- 
kaerojen ollessa tiedossa round-trip -signaalia ei tarvita kaytettaessa aikaeroi- 
hin perustuvaa TDOA-menetelmaa paikan maarittamiseen. Kulkuaikaviiveisiin 
p erustuvassa TnA.mpnPteimassa tarvitaan talloin round-trip -signaali ainoas- 
5 taan palvelevaan tukiasemaan. 

Vaikka verkko olisikin synkronoitu tai tukiasemien valiset ajoituserot 
olisivat tiedossa, voidaan round-trip -signaalia palvelevaan tukiasemaan kayt- 
taa maarittamaan vaihteluvali kulkuaikaviiveelle muihin tukiasemiin. Paatelaite 
mittaa ensin etaisyyden palvelevaan tukiasemaan kayttamalla round-trip - 
10 signaalia. Jos etaisyys palvelevaan tukiasemaan on d1, naapuritukiaseman ja 
paatelaitteen etaisyydelle d2 patee: 

d12 - d1 - e < d2 < d12 + d1 +e 
missa d12 on palvelevan tukiaseman ja naapuritukiaseman etaisyys ja e on 
mittauksen d1 tarkkuus. Nain saatua viiveen vaihteluvalia voidaan hyodyntaa 
15 kulkuaikaviiveen estimoinnissa. Paatelaitteen ja naapuritukiaseman etaisyy- 
den vaihteluvalin leveys on 2(d1 + e), mika vastaa chippeina 2(d1 + e)/(c*Tc), 
kun Tc on chipin kesto ja c on sahkomagneettisen sateilyn nopeus. 

Keksinnen mukaisessa ratkaisussa paatelaite 100 on aluksi yhtey- 
dessa ainakin yhteen tukiasemaan (kuviossa 1 tukiasemaan 102). Paatelaitet- 
20 ta 100 palvelevan tukiaseman 102 naapuritukiasemat 104, 106 valittavat paa- 
telaitteen 100 tai radiojarjestelmSn verkko-osan pyynnosta paatelaitteelle 100 
tietoja lahettamistaan koodikanavista, jollainen on erityisesti liikennekanava. 
Saamiensa tietojen avulla paatelaite 100 voi kayttaa hyvaksi myos muita kuin 
synkronointikanavaa synkronoinnin muodostamisessa, jolloin naapuritukiase- 
25 mien 104, 106 signaali(e)n ajoituksen mittaus on mahdollista pelkan synkro- 
nointikanavan kayttOon perustuvia ratkaisuja suuremmilla hairiO- ja kohinata- 
soilla, koska myos muiden kuin synkronointikanavan signaalin energiaa voi- 
daan kayttaa hyvaksi. Erityisen edullista on hyodyntaa koodikanavista ne osat, 
joissa lahetetaan tunnettua signaalia, kuten saannollisin valein lahetettavia re- 
30 ferenssi- eli pilottisymboleita. Talloin datamodulaatio on mahdollista poistaa 
nailta kohdin ilman paatostakaisinkytkentaa, ja ns. koherenttia keskiarvoista- 
mista tai suodatusta voidaan kayttaa mitatulle kanavan impulssivaste- 
estimaatille. Tarkastellaan nyt keksinnollista ratkaisua siina tapauksessa, etta 
koodikanavasta kaytetaan pilottisymboleita. 
35 Esimerkki tukiaseman lahettamien koodikanavien sisailosta ajan 

funktiona on esitetty kuviossa 2. Ennalta tunnetut pilottisymbolit 200 lahete- 
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taan tassa esimerkissa kolmessa eri liikennekanavassa CH1, CH2 ja CH3 eri 
ajanhetkilla. Paatelaitteen tulee tietaa koodikanavan pilottisymbolien valinen 
aikaero Tslot suhteessa palvelevan tukiaseman ajoitukseen voidakseen kayt- 

laa li yvaksi pi lottisymboleita 200. Liik e nnekanavassa l ah o t e taan datan 20 4 l i - — 

5 saksi myos tehonsaatosymboli TPC (Transimission Power Control), jolla tuki- 
asema voi pyytaa paatelaitetta muuttamaan lahetystehoaan. 

Pystyakseen kayttamaan hyvakseen koodikanavan signaaleja paa- 
telaitteella 100 tulee olla tiedot pilottisymbolien 200 aikaeron Tslot lisaksi myos 
koodikanavan hajotuskoodista, hajotuskertoimesta ja referenssisymboleista. 
10 Edelleen paatelaite 100 tarvitsee arvion hajotuskoodin vaiheesta ja referens- 
sisymbolien sijainnista aikavalissa, jotka tiedot paatelaitetta 100 palveleva tu- 
kiasema 102, tukiasemaohjain 108 tai jokin muu kiintean verkko-osan yksikkS 
pyytaa naapuritukiasemalta 104, 106. Naapuritukiasema 104, 106 lahettaa 
nama tiedot palvelevalle tukiasemalle 102 edullisesti kiintean verkko-osan 
15 kautta ainakin yhdesta koodikanavastaan, jo(i)lla on suurin lahetysteho paa- 
telaitetta palvelevan tukiaseman 102 suuntaan. Paatelaitetta 100 palveleva tu- 
kiasema 102 lahettaa nama tiedot edelleen paatelaitteelle 100. Signaalien 
ajoitustiedot ilmoitetaan paatelaitteelle 100 edullisesti suhteessa palvelevan 
tukiaseman 102 ajoitukseen. Jos naapuritukiasema 104, 106 ei laheta riitta- 
20 vasti koodikanavia ajoituksen mittauksen onnistumiseksi esimerkiksi vahaisen 
kuormituksen takia, naapuritukiasema 104, 106 voi lisata lahetykseen kanavia 
paatelaitteen 100 kanavamittausten ajaksi. Tama voi tapahtua myos paate- 
laitteen 100 pyynnosta. Naiden kanavien signaalien ajoituksiahan kaytetaan 
keksinnollisessa ratkaisussa paatelaitteen 100 paikannukseen. Nailla erityi- 
25 sesti paatelaitteen 100 paikannuksessa kaytettavilia kanavilla lahetetaan edul- 
lisesti tunnettuja referenssisymboleja. Kun radiojarjestelma on vain vahaisesti 
kuormitettu, kanavia voidaan lisata ilman etta muiden paatelaitteiden tiedon- 
siirto oleellisesti hairiintyy. Kaikki ajoitukset, joita kiintean verkon kautta vaiite- 
taan, ovat edullisesti suhteessa palvelevan tukiaseman 102 ajastukseen. 
30 Tarkastellaan nyt lahemmin keksinnon mukaiseen ratkaisuun so- 

veltuvaa paatelaitteen vastaanotinta kuvion 3 avulla. Vastaanotin kasittaa 
aluksi antennin 280, radiotaajuusosat 282 ja analogiadigitaalimuuntimen 284. 
Lahetetty signaali otetaan vastaan antennilla 280, josta signaali etenee radio- 
taajuusosille 282, joissa suoritetaan kvadratuuridemodulaatio. Kvadratuuride- 
35 modulaatiossa vastaanotettu signaali jaetaan kahteen osaan, joista ensimmai- 
nen osa kerrotaan radiotaajuisella kosinikantoaallolla, joka on muotoa 
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cos(co c t). Toinen osa signaalia kerrotaan vaihesiirretylla kantoaallolla, mika 
voidaan ilmaista siten, etta signaali kerrotaan sinikantoaallolla, joka on muotoa 
sin(co r t). Nain signaalien kertomisessa kaytetaan kantoaaltoja, joiden valilla on 
n/2 vaihesiirto. Koska signaalin eri osat ovat w/2 vaihesiirron takia ortogonaali- 
5 sia toistensa suhteen, dataosat voidaan ilmaista kayttaen kompleksista ilmai- 
sutapaa. Talloin vastaanotettu signaali U voidaan ilmaista muodossa U = I + 
jQ, missa I on ensimmainen dataosa, Q on toinen dataosa ja j on imaginaa- 
riyksikko. Kvadratuuridemoduloidut signaalinosat I, Q muutetaan analogiadi- 
gitaalimuuntimessa 284 kompleksimuotoisiksi digitaalinaytteiksi. 
10 Vastaanotetun signaalin koodiin sovitettu suodatin 300 on FIR- 

suodatin (Finite Impulse Response), jonka painokertoimet saadaan suoraan 
kaytetyn signaalin hajotuskoodista. Sovitettu suodatin 300 antaa ulos jokaista 
signaalinaytetta kohti vastaanotetun signaalin korrelaation yhdella mitattavalla 
viiveella hajotuskoodin kanssa, joka ladataan sovitettuun suodattimeen 300 
15 koodigeneraattorista 302. Sovitettu suodatin 300 kasittaa N tappia, mika vas- 
taa mitattavaa viivealuetta. Kun N kpl signaalinaytteita on ajettu sovitetun suo- 
dattimen 300 lapi, painokertoimien pysyessa muuttumattomina, on muodostu- 
nut N kpl korrelaatioarvoja, jotka esittavat alustavasti kanavan vektorimuo- 
toista impulssivaste-estimaattia. Alustavasta impulssivaste-estimaatista pois- 
20 tetaan datamodulaation vaikutus kertojassa 306, jossa alustava impulssivas- 
te-estimaatti kerrotaan symboligeneraattorista 304 saatavalla ennalta tunne- 
tulla symbolisekvenssilla. Nain muodostetaan impulssivaste-estimaatti, jonka 
suurimmista arvoista saadaan viive-estimaatit signaalin monitiekomponenteil- 
le. Koska signaali on hyvin kohinainen, joukko perakkaisia impulssivaste-esti- 
25 maatteja taytyy ennen viive-estimaattien muodostamista suodattaa laskenta- 
valineissa 308 luotettavien viive-estimaattien saamiseksi. Tama suoritetaan la- 
taamalla sovitetun suodattimen 300 painokertoimet hajotuskoodin seuraavalle 
N:lle naytteelle ja keskiarvoistamalla nain muodostettu N:n pituinen impulssi- 
vaste aikaisempien impulssivaste-estimaattien kanssa. Kun tallainen keksin- 
30 non mukainen koherentti impulssivaste-estimaattien keskiarvoistus on suoritet- 
tu, voidaan vastaanotetun signaalin viive-estimaatit periaatteessa muodostaa. 
Kuvatussa vastaanotinratkaisussa viive-estimaatteja tarkennetaan viela kui- 
tenkin jatkoprosessoinnilla. On huomattava, etta vaikka tassa kuvauksessa on 
kaytetty impulssivaste-estimaattien kasittelyssa termia koherentti keskiarvois- 
35 taminen, keskiarvoistamisen asemesta keksinnollisen ratkaisun toteuttavassa 
vastaanottimessa voidaan kayttaa mita tahansa tunnettua impulssivaste- 
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estimaattien suodatusta perustuen esimerkiksi IIR-suodatukseen (Infinite Im- 
pulse Response). Jos ajoituksen mittauksessa on kaytossa useita koodikana- 
via, niiden tunnettuja symboliseksvensseja voidaan kayttaa hyvaksi lataamalla 
kullakin ajanhetkella sovitettuun suodanimeen sua koodikanavan hajotuskuu- 
5 dia vastaavat kertoimet, jolla hajotuskoodilla silla hetkelia vastaanotetaan refe- 
renssisymboleita. Jos kaytossa on riittavan monta koodikanavaa ja niiden ai- 
kaerot Tslot ovat jakautuneet koko referenssisymbolien lahetysjakson yli, 
paatelaitteella on sovitetun suodattimen jalkeen kaytettavissa koko ajan sig- 
naali, josta datamodulaatio voidaan poistaa. Tasta saatuja impulssivaste- 
10 estimaatteja voidaan keskiarvoistaa koherentisti, edellyttaen, etta ajoituksen 
mittauksessa kaytettavat koodikanavat lahetetaan samasta tukiaseman an- 
tennista, jolloin ne etenevat samaa radiokanavaa pitkin. 

Kompleksinen IQ-signaali etenee koherentisti keskiarvoistavasta 
laskentavalineesta 308 valintavalineisiin 310, johon tulee myos sovitetun suo- 
15 dattimen 300 lahtosignaali suoraan. Taila valintavalineella 310 voidaan siis va- 
lita kaytetaanko koherenttia keskiarvoistusta hyvaksi vai ei. Riippumatta siita, 
valitaanko sovitetun suodattimen 300 lahtosignaali suoraa vai kaytetaanko ko- 
herentisti keskiarvoistettuja signaalikomponentteja, IQ-muotoinen signaali ko- 
rotetaan nelioon (l 2 +Q 2 ) vaiineissa 312 datamodulaation ja vaihevirheen 
20 poistamiseksi ennen keskiarvoistamista valineissa 314. Datamodulaationa 
kaytetaan esimerkiksi QPSK-modulaatiota (Quadrature Phase Shift Keying). 
Tata valitsimen 310 jaikeista keskiarvoistusta kutsutaan epakoherentiksi kes- 
kiarvoistamiseksi. Kaytettaessa tunnetun tekniikan mukaisesti pelkastaan 
epakoherenttia keskiarvoistamista haittapuolena on se, etta signaalin ohella 
25 myos sovitetun suodattimen 300 ulostulossa nakyva kohina summautuu ne- 
liollisesti, joten signaali-kohina-suhde keskiarvoistamisen jalkeen ei olennai- 
sesti parane. Pelkka epakoherentti keskiarvoistus auttaa tosin estimoimaan 
huippujen kohdat luotettavammin. Koherentissa keskiarvoistamisessa nelidon 
korotus tehdaan vasta koherentin keskiarvoistamisen jalkeen. Tama kuitenkin 
30 edellyttaa, etta lahetetyt symbolit, jotka ovat edullisesti pilottisymboleita, ovat 
ennalta tiedossa, jolloin datamodulaatio voidaan poistaa naytteista. 

Kaytannossa lahettimen ja vastaanottimen radiotaajuusvaiineiden 
282 kasittamien oskillaattoreiden (ei esitetty kuvioissa) valinen taajuusvirhe ja 
radiokanavan aiheuttama Doppler-siirtyma signaalissa aiheuttaa signaalinayt- 
35 teiden vaiheen pyorimista, joten koherentti keskiarvoistusaika ei voi olla kovin 
pitka, maksimissaan esimerkiksi noin 1 ms. Tailoin voidaan koherentisti keski- 
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arvoistettu impulssivaste-estimaatti korottaa nelioon ja keskiarvoistaa edelleen 
epakoherentisti pitemmalta ajalta (yli 1 ms) valineissa 314. Kun impulssivaste- 
estimaatti etenee viive-estimaattoriin 316, viive-estimaattori 316 etsii impulssi- 
vaste-estimaatin huiput, jotka edustaval inonitie-edenneen s i gnaalin tarke i m- 

5 pia viiveita. Lyhin viive vastaa usein aikaa, joka signaalilla on kulunut suoran 
nakoyhteysmatkan kulkemiseen. Nain paatelaite voi mitata tukiasemien sig- 
naalien vastaanottoajan TOA (Time Of Arrival) ja signaalien valisen havaitun 
aikaeron OTD (Observed Time Difference). Vastaanottimen toimintaa ohjaa 
ohjausyksikko 318 ja lohkot 300 - 318 muodostavat viivelohkon 298, joka voi 

10 olla osa RAKE-vastaanotinta. 

Kuviossa 4 on esitetty RAKE-vastaanottimen lohkokaavio. Vas- 
taanotettu signaalin etenee antennista 280 radiotaajuusvalineiden 282 ja 
analogiadigitaalimuuntimen 284 (dpi kuten kuviossa 3. Taman jalkeen komp- 
leksinen signaali etenee viivelohkoon 298, joka tarkemmin kuvattu kuviossa 3, 

15 ja RAKE-vastaanottimen RAKE-haaroihin 400 - 404. Lohkot 400 - 404 kasitta- 
vat tyypillisesti koodigeneraattorin ja sovitetun suodattimen hajotuskoodin pur- 
kamista varten, ja kukin lohko 400 - 404 on asetettu koostamaan eri viiveella 
vastaanotettua hajotuskoodattua signaalia. Viivelohko 298 asettaa RAKE- 
haarojen 400 - 404 viiveet, joilla hajotuskoodaus puretaan. Kun RAKE- 

20 haarojen 400 - 404 vastaanottamien signaalien hajotuskoodaukset on purettu, 
monitie-edenneen signaalin eri signaalikomponentit yhdistetaan diversiteetti- 
yhdistelijassa 406, jonka jalkeen signaalin kantataajuista prosessointia jatke- 
taan, mutta jatkokasittely ei ole keksinnollisen ratkaisun kannalta oleellista. 
Vastaanottimessa radiotaajuusvalineiden 282 vahvistusta ja taajuutta saade- 

25 taan edullisesti automaattisen vahvistuksen ohjausvalineen 410 ja automaat- 
tisen taajuuden ohjausvalineen 412 avulla. 

Keksinnon mukaiset ratkaisut voidaan toteuttaa erityisesti digitaali- 
sen signaalinkasittelyn osalta esimerkiksi ASIC- tai VLSI-piireilla 
(Application-Specific Integrated Circuit, Very Large Scale Integration). Suoritet- 

30 tavat toiminnot toteutetaan edullisesti mikroprosessoritekniikkaan perustuvina 
ohjelmina. 

Vaikka keksintoa on edella selostettu viitaten oheisten piirustusten 
mukaiseen esimerkkiin, on selvaa, ettei keksinto ole rajoittunut siihen, vaan 
sita voidaan muunnella monin tavoin oheisten patenttivaatimusten esittaman 
35 keksinnollisen ajatuksen puitteissa. 



# 
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Patenttivaatimukset 

1. Signaalin ajoituksen mittausmenetelma, jota kaytetaan CDMA-ra- 
dioja r jestel r nassa, johon kuuluu ainakin ko l mc tukiao c maa (102 — 106) ja paa - 

telaite (100), jotka kertovat signaalin hajotuskoodilla, ja jossa menetelmassa 
5 tukiaseman lahetys kasittaa usean eri hajotuskoodilla lahetetyn koodikanavan 

(CH1 - CH3), joista ainakin yhdella lahetetaan ennalta tunnettu symbolisek- 

venssi (200), ja jossa menetelmassa paatelaite (100) on yhteydessa ainakin 

yhteen tukiasemaan (102), jonka ajastuksesta paatelaitteella (100) on tiedot, 

tunnettu siita, etta 
10 paatelaitteelle (100) valitetaan palvelevan tukiaseman (102) kautta 

tiedot ainakin yhden naapuritukiaseman (104, 106) lahettamasta ainakin yh- 

desta koodikanavasta (CH1, CH2, CH3), 

mainittujen tietojen perusteella paatelaite (100) maarittaa mainitusta 

ainakin yhdesta koodikanavasta (CH1, CH2, CH3) ainakin hajotuskoodin ja ar- 
15 vion kunkin koodikanavan (CH1, CH2, CH3) symboliajastuksesta suhteessa 

palvelevan tukiaseman (102) ajastukseen ja 

nain muodostettujen koodikanavatietojen perusteella paatelaite 

(100) kayttaa hyvakseen ainakin osaa naapuritukiaseman (104, 106) koodika- 

navista (CH1, CH2, CH3) naapuritukiaseman (104, 106) signaalin ajoituksen 

20 mittauksessa. 

2. Patenttivaatimuksen 1 mukainen menetelma, tunnettu siita, 
etta paatelaite (100) kayttaa hyvakseen ainakin osaa naapuritukiaseman (104, 
106) ilmoittamilla koodikanavilla (CH1, CH2, CH3) lahettamista ennalta tun- 
netuista symbolisekvensseista (200) naapuritukiaseman (104, 106) signaalin 

25 ajoituksen mittauksessa. 

3. Patenttivaatimuksen 1 mukainen menetelma, tunnettu siita, 
etta paatelaitetta (100) palveleva tukiasema (102), tukiasemaohjain (108) tai 
muu kiintean verkko-osan yksikko pyytaa ainakin yhdelta naapuritukiasemalta 
(104, 106) koodikanavatietoja kiintean verkko-osan kautta. 
30 4. patenttivaatimuksen 1 mukainen menetelma, tunnettu siita, 

etta naapuritukiasema (104, 106) valitsee tietojen lahettamista varten muuta- 
man koodikanavan (CH1 - CH3), joissa on suurin lahetysteho paatelaitetta 
(100) palvelevan tukiaseman (102) suuntaan. 

5. Patenttivaatimuksen 1 mukainen menetelma, tunnettu siita, 
35 etta ajoituksen mittauksessa kaytetaan hyvaksi myos synkronointikanavaa. 
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6. Patenttivaatimuksen 1 mukainen menetelma, tunnettu siita, 
etta paatelaite (100) mittaa signaalin ajoituksen ainakin kolmesta tukiasemasta 
(102 - 106) paatelaitteen (100) sijainnin maarittamiseksi. 

7. Patenttivaatimuksen 6 mukainen menelelma, I u n n e 1 1 u siita, 

5 etta paatelaite (100) lahettaa tukiasemien signaaleihin liittyvat ajoitustiedot ra- 
diojarjestelman kiinteaan verkko-osaan paatelaitteen (100) sijainnin maaritta- 
miseksi. 

8. Patenttivaatimuksen 6 mukainen menetelma, tunnettu siita, 
etta paatelaite (100) maarittaa itse oman sijaintinsa signaalien ajoituksen 

10 avulla. 

9. Patenttivaatimuksen 1 mukainen menetelma, tunnettu siita, 
etta ajoituksen mittauksen epaonnistuessa yhden naapuritukiaseman (104, 
106) kanssa paatelaite (100) mittaa signaalin ajoituksen muun naapurituki- 
aseman (104, 106) kanssa. 

15 10. Patenttivaatimuksen 1 mukainen menetelma, tunnettu siita, 

etta naapuritukiasema (104, 106) lisaa lahetykseensa paatelaitteen (100) 
ajoitusmittausta varten ainakin yhden koodikanavan (CH1, CH2, CH3), jolla 
lahetetaan tunnettua symbolisekvenssia, ja naapuritukiasema (104, 106) il- 
moittaa paatelaitteelle (100) palvelevan tukiaseman (102) kautta tiedot, joiden 

20 perusteella paatelaite (100) kayttaa mainittua koodikanavaa (CH1, CH2, CH3) 
ajoituksen mittauksessa. 

1 1 . Patenttivaatimuksen 2 mukainen menetelma, tunnettu siita, 
etta paatelaite (100) ottaa vastaan useiden saman tukiaseman (102 - 106) 
koodikanavien (CH1 - CH3) ennalta tunnettuja symboleita (200), jotka tuki- 

25 asema (102 - 106) on lahettanyt aikamultipleksatusti useissa kanavissa (CH1 - 
CH3) siten, etta eri koodikanavien ennalta tunnetut symbolit (200) ovat oleelli- 
sesti eri aikaisia. 

12. Patenttivaatimuksen 2 mukainen menetelma, tunnettu siita, 
etta paatelaite (100) purkaa vastaanotetun koodikanavan signaalin hajotus- 

30 koodauksen, kertoo signaalin ennalta tunnetulla symbolisekvenssilla (200) ka- 
navan impulssivaste-estimaatin muodostamiseksi ja mittaa vastaanotetun sig- 
naalin ajoituksen kayttamalla impulssivaste-estimaattien koherenttia keskiar- 
voistamista. 

13. Radiojarjestelma, joka on erityisesti CDMA-radiojarjestelma, jo- 
35 ka kasittaa ainakin kolme tukiasemaa (102 - 104) ja paatelaitteen (100), jotka 

on sovitettu kertomaan signaalin hajotuskoodilla, jossa radiojarjestelmassa tu- 
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kiaseman lahetys kasittaa usean eri hajotuskoodilla lahetetyn koodikanavan 
(CH1 - CH3), joista ainakin yksi kasittaa ennalta tunnetun symbolisekvenssin 
(200), ja paatelaite (100) on yhteydessa ainakin yhden palvelevan tukiaseman 

(102) kanssa, jonka ajastuksesta paate l aitteel l a (100) on tiedot, tunn e ttu 

5 siita, etta palveleva tukiasema (102) on sovitettu valittamaan tiedot ainakin yh- 
den naapuritukiaseman (104, 106) lahettamasta ainakin yhdesta koodikana- 
vasta(CH1,CH2,CH3), 

mainittujen tietojen perusteella paatelaite (100) on sovitettu maarit- 
tamaan mainitusta ainakin yhdesta koodikanavasta (CH1, CH2, CH3) ainakin 

10 hajotuskoodin ja arvion kunkin koodikanavan (CH1, CH2, CH3) symboliajoi- 
tuksesta suhteessa palvelevan tukiaseman (102) ajastukseen ja 

koodikanavatietojen perusteella paatelaite (100) on sovitettu kayt- 
tamaan hyvakseen ainakin osaa naapuritukiaseman (104, 106) koodikanavista 
(CH1, CH2, CH3) naapuritukiaseman (104, 106) signaalin ajoituksen mittauk- 

15 sessa. 

14. Patenttivaatimuksen 13 mukainen radiojarjestelma, tunnet- 
t u siita, etta paatelaite (100) on sovitettu kayttamaan hyvakseen ainakin osaa 
naapuritukiaseman (104, 106) ilmoittamilla koodikanavilla (CM, CH2, CH3) 
lahettamista ennalta tunnetuista symbolisekvensseista (200) naapuritukiase- 

20 man (104, 106) signaalin ajoituksen mittauksessa. 

15. Patenttivaatimuksen 13 mukainen radiojarjestelma, tunnet- 
tu siita, etta paatelaitetta (100) palveleva tukiasema (102), tukiasemaohjain 
(108) tai muu kiintean verkko-osan yksikko on sovitettu pyytamaan ainakin yh- 
delta naapuritukiasemalta (104, 106) koodikanavatietoja kiintean verkko-osan 

25 kautta. 

16. Patenttivaatimuksen 13 mukainen radiojarjestelma, tunnet- 
t u siita, etta naapuritukiasema (104, 106) on sovitettu valitsemaan tietojen la- 
hettamista varten muutaman koodikanavan (CH1 - CH3), joissa on suurin la- 
hetysteho paatelaitetta (100) palvelevan tukiaseman (102) suuntaan. 

30 17. Patenttivaatimuksen 13 mukainen radiojarjestelma, tunnet- 

t u siita, etta paatelaite (100) on sovitettu kayttamaan ajoituksen mittauksessa 
hyvaksi myos synkronointikanavaa. 

18. Patenttivaatimuksen 13 mukainen radiojarjestelma, tunnet- 
tu siita, etta paatelaite (100) on sovitettu mittaamaan signaalin ajoituksen ai- 

35 nakin kolmesta tukiasemasta (102 - 106) paatelaitteen (100) sijainnin maarit- 
tamiseksi. 
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19. Patenttivaatimuksen 18 mukainen radiojarjestelma, tunnet- 
t u siita, etta paatelaite (100) on sovitettu lahettamaan tukiasemien (102 - 106) 
signaaleihin liittyvat ajoitustiedot radiojarjestelman kiinteaan verkko-osaan 
paatelaitteen (100) sijainnin maarittamiseksi. 
5 20. Patenttivaatimuksen 18 mukainen radiojarjestelma, tunnet- 

tu siita, etta paatelaite (100) on sovitettu maarittamaan itse oman sijaintinsa 
signaalien ajoituksen avulla. 

21. Patenttivaatimuksen 13 mukainen radiojarjestelma, tunnet- 
tu siita, etta ajoituksen mittauksen epaonnistuessa yhden tukiaseman (102 - 

10 106) kanssa paatelaite (1009 on sovitettu mittaamaan signaalin ajoituksen 
muun tukiaseman (102 - 106) kanssa. 

22. Patenttivaatimuksen 13 mukainen radiojarjestelma, tun- 
nettu siita, etta naapuritukiasema (104, 106) on sovitettu lisaamaan lahe- 
tykseensa paatelaitteen (100) ajoitusmittausta varten ainakin yhden koodika- 

15 navan (CH1, CH2, CH3), joka kasittaa tunnetun symbolisekvenssin, ja naapu- 
ritukiasema (104, 106) on sovitettu ilmoittamaan pSatelaitteelle (100) palvele- 
van tukiaseman (102) kautta paatelaitteen (100) koodikanavan (CH1, CH2, 
CH3) ajoituksen mittauksessa kayttamat tiedot. 

23. Patenttivaatimuksen 14 mukainen radiojarjestelma, tunnet- 
20 tu siita, etta paatelaite (100) on sovitettu ottamaan vastaan useiden saman 

tukiaseman (102 - 106) koodikanavien (CH1, CH2, CH3) ennalta tunnettuja 
symboleita (200), jotka tukiasema (102 - 106) on lahettanyt aikamultipleksa- 
tusti useissa kanavissa (CH1 - CH3) siten, etta eri koodikanavien ennalta tun- 
netut symbolit (200) ovat oleellisesti eri aikaisia. 

25 24. Patenttivaatimuksen 14 mukainen radiojarjestelma, tunnet- 

tu siita, etta paatelaite (100) on sovitettu purkamaan vastaanotetun koodika- 
navan signaalin hajotuskoodauksen, kertomaan signaalin ennalta tunnetulla 
symbolisekvenssilla (200) kanavan impulssivaste-estimaatin muodostamiseksi 
ja mittaamaan vastaanotetun signaalin ajoituksen kayttamaila impulssivaste- 

30 estimaattien koherenttia keskiarvoistamista. 
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(57) Tiivistelma 

Keksinto kohdistuu signaalin ajoituksen mittausmenetel- 
maan ja meneteiman toteuttavaan uUMA-radiojarjestel- 
maan. Paatelaitteelle (100) valitetaan palvelevan tukiase- 
man (102) kautta tiedot ainakin yhdesta naapuritukiase- 
man (104, 106) lahettamasta koodikanavasta. Naiden 
tietojen perusteella paatelaite (100) maarittaa kustakin 
mainitusta koodikanavasta ainakin hajotuskoodin ja arvion 
symboliajastuksesta suhteessa palvelevan tukiaseman 
(102) ajastukseen. Paatelaite (100) kayttaa hyvakseen ai- 
nakin osaa naapuritukiaseman (104, 106) koodikanavista 
naapuritukiaseman (104, 106) signaalin ajoituksen mitta- 
uksessa. Ajoituksen perusteella maaritetaan esimerkiksi 
paatelaitteen (100) sijainti. 
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(57) Abstract 

The invention relates to a method of 
measuring signal timing and a CDMA radio 
system implementing the method. Data on 
at least one code channel transmitted by a 
neighbour base station (104, 106) is conveyed 
to a terminal (100) via a serving base station 
(102). On the basis of these data, the terminal 
(100) determines at least the spreading code 
of each said code channel and an estimate of 
the symbol timing in respect of the timing of 
the serving base station (102). The terminal 
utilizes at least some of the code channels 
of the neighbour base station (104, 106) to 
measure the signal timing of the neighbour 
base station (104, 106). On the basis of the 
timing, e.g. the location of the terminal (100) 
is determined. 
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Method of measuring signal timing, and radio system 

FIELD OF INVENTION 

The field of the invention are radio systems and, more particularly, a 
5 CDMA radio system. The invention relates to a method of measuring signal 
timing to be used in the CDMA radio system comprising at least three base 
stations and a terminal, which multiply a signal by a spreading code, and in 
which method the transmission of a base station comprises various code 
channels transmitted by different spreading codes, on one of which code 

10 channels a predetermined symbol sequence is transmitted, and in which 
method the terminal is in connection with at least one base station, on whose 
timing the terminal stores data. 

The invention also relates to a radio system, which is a CDMA radio 
system in particular, comprising at least three base stations and a terminal 

15 which are arranged to multiply a signal by a spreading code, in which radio 
system the transmission of a base station comprises various code channels 
transmitted by different spreading codes, at least one of which code channels 
comprises a predetermined symbol sequence, and the terminal is in 
connection with at least one serving base station, on whose timing the terminal 

20 stores data. 

BACKGROUND OF THE INVENTION 

It is important to determine the precise propagation time delay for a 
received signal in order to detect the signal and to locate a terminal, for 

25 example. In order for the terminal to synchronize itself to the transmission of a 
base station, each base station transmits a synchronizing signal on a sync 
channel. The signal on the sync channel can be demodulated and detected 
each time when a pilot signal is identifiable. On the sync channel, data on the 
base station, the power and phase of the pilot signal and the amount of uplink 

30 interference is transferred. Detecting symbols on a traffic channel is possible 
when the connection between a transmitter and a receiver is synchronized. 
The synchronized connection for its part means that the terminal is aware of 
the propagation time delay for the signal. 

In prior art solutions, code channels whose direction of transmission 

35 is from a base station to a subscriber station, e.g. pilot channels, can be used 
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for synchronizing. The subscriber station can seek the code phase and then 
synchronize itself to the transmission of the base station and thus determine 
the signal timing of the base station. In the reverse direction of transmission 
from a subscriber station to a base station, the subscriber station begins 
5 transmitting and the base station seeks the code phase and determines the 
signal timing of the terminal. In the direction of transmission from a subscriber 
station to a base station, a problem arises which is due to the distance 
between a subscriber station and a base station, i.e. a near-far problem. In 
locating a terminal, this problem is called a coverage problem. A terminal 
10 located close to one base station is outside coverage areas of other base 
stations and it is not capable of hearing other base stations because of the 
interfering transmission of the nearby base station. As the travel time of a 
signal between the terminal and at least three base stations cannot be 
measured, the location of the terminal cannot thus be determined either. 

15 

BRIEF DESCRIPTION OF THE INVENTION 

It is thus an object of the invention to provide a method and an 
apparatus implementing the method, in such a way that the above problems 
can be eliminated. This is achieved by a type of method disclosed in the 

20 introduction, which is characterized by conveying data on at least one code 
channel transmitted by at least one neighbour base station via a serving base 
station to the terminal, the terminal determining on the basis of said data the 
spreading code of at least one said code channel and an estimate of the 
symbol timing of each code channel in respect of the timing of the serving 

25 base station, and the terminal utilizing on the basis of these data on the code 
channels at least some of the code channels of the neighbour base station to 
measure the signal timing of the neighbour base station. 

The system of the invention is characterized in that the serving 
base station is arranged to convey data on at least one code channel 

30 transmitted by at least one neighbour base station, the terminal is arranged to 
determine on the basis of said data at least the spreading code of at least one 
said code channel and an estimate of the symbol timing of each code channel 
in respect of the timing of the serving base station, and on the basis of data on 
the code channels the terminal is arranged to utilize at least some of the code 

35 channels of the neighbour base station to measure the signal timing of the 
neighbour base station. 
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The method and system of the invention provide a plurality of 
advantages. Coverage is improved and a terminal can also synchronize itself 
to the transmission of neighbour base stations, which enables the locating of 
the terminal. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described in greater detail in connection 
with the preferred embodiments, with reference to the attached drawings, in 
which 

10 Figure 1 shows a radio system, 

Figure 2 shows traffic channels, 
Figure 3 shows a block diagram of a receiver and 
Figure 4 shows a block diagram of a RAKE receiver. 



15 DETAILED DESCRIPTION OF THE INVENTION 

The solution of the invention is applicable to a WCDMA radio 
system (Wideband Code Division Multiple Access) in particular, yet without 
restricting thereto. 

Figure 1 shows a radio system comprising a terminal 100, three 

20 base stations 102 to 106 and a base station controller 108. In this case, the 
terminal 100, which is preferably a mobile phone, can be considered primarily 
being in connection with the base station 102. Neighbour base stations of the 
base station 102 are the base stations 104 and 106. All these base stations 
102 to 106 share preferably the same base station controller 108, from which 

25 there is a further connection via e.g. a mobile services switching centre (not 
shown in Figure 1) to the other parts of the mobile telephone network and to 
other telephone networks. All the other parts of the radio system except the 
terminals 100 are defined as the network part of the radio system. 

To measure the terminal location, the travel time of a signal 

30 between the terminal and at least three base stations is needed. At first, the 
terminal measures the time of arrival, TOA, of a signal transmitted by each 
base station. Time differences between the signals of the base stations TDOA 
(Time Difference Of Arrival) or OTD (Observed Time Difference) can be 
detected by calculating the differentials of the times of arrival TOA of the base 

35 stations, when the time differences also indicate the distances between the 
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base stations and the terminal. When the distances between the terminal and 
at least three base stations is known, the terminal location can be determined 
unambiguously. In the CDMA system, the time of arrival can be determined by 
utilizing the synchronization of the spreading code. When a given chip of the 
5 spreading code (a chip is a bit of the spreading code) at the terminal appears 
at the instant t1 and the same chip at the base station appears at the instant 
t2, the travel time of the signal between the terminal and the base station is t2 
- t1. The terminal measures the time t1 and the base station measures the 
time t2. In the solution of the invention, the terminal clock need not be 

10 synchronized with the clocks of the base stations. When the terminal transmits 
a so-called round-trip signal to the base station and the base station replies to 
this signal, the effect of the time difference between the terminal and the base 
station can be eliminated. If the transmission of the base stations has not been 
synchronized and the time differences between the base stations are not 

15 known, the round-trip must be measured from all the base stations whose 
signal timing the terminal measures. In a synchronized network, or if the time 
differences between the base stations are known, a round-trip signal is not 
needed for employing the TDOA method based on the time differences to 
determine a location. In the TOA method based on propagation time delays, a 

20 round-trip signal is only needed for the serving base station. 

Even if the network was synchronized or the timing differences 
between the base stations were known, the round-trip signal to the serving 
base station can be used in determining the range for the propagation time 
delay to the other base stations. The terminal first measures the distance to 

25 the serving base station by using the round-trip signal. If the distance to the 
serving base station is d1, then the distance between the neighbour base 
station and the terminal is; 

d12-d1 -e<d2<d12 + d1 +e 
where d12 is the distance between the serving base station and the neighbour 

30 base station and e is the accuracy of the measurement d1. The range of the 
delay established this way can be utilized in estimating the propagation time 
delay. The range deviation of the distance between the terminal and the 
neighbour base station is 2(d1 + e), which corresponds to 2(d1 + e)/(c*Tc) as 
chips, where Tc is the duration of the chip and c is the velocity of 

35 electromagnetic radiation. 
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In the solution of the invention, the terminal 100 is at first in 
connection with at least one base station (in Figure 1, with the base station 
102). At request of the terminal 100 or the network part of the radio system, 
the neighbour base stations 104, 106 of the base station 102 serving the 
5 terminal 100 transmit to the terminal 100 data on the transmitted code 
channels, an example of which is a traffic channel in particular. On the basis of 
the received data, the terminal 100 can also utilize some other than the sync 
channel in synchronizing, whereby it is possible to measure the signal timing 
of the neighbour base stations 104, 106 on higher interference and noise 

10 levels than in the solutions solely based on the use of the sync channel, 
because also the energy of a signal of other than the sync channel can be 
used. It is especially preferable to utilize the parts of the code channels in 
which a known signal is transmitted, e.g. regularly transmitted reference i.e. 
pilot symbols. Thus, data modulation can be eliminated from these parts 

15 without decision feedback, and a so-called coherent averaging or filtering can 
be used for the measured estimate of the impulse response of the channel. 
Let us now turn to the solution of the invention in case of using pilot symbols of 
the code channel. 

An example of the content of the code channels transmitted by a 

20 base station is shown as a function of time in Figure 2. In this example, 
predetermined pilot symbols 200 are transmitted on three different traffic 
channels CH1, CH2 and CH3 at different instances. In order to be capable of 
making use of the pilot symbols 200, the terminal has to be aware of the time 
difference Tslot between the pilot symbols of the code channel in respect of 

25 the timing of the serving base station. On the traffic channel, besides data 204 
also a transmission power symbol TPC (Transmission Power Control) is 
transmitted, by means of which symbol the base station can request the 
terminal to change its transmission power. 

In order to make use of the signals of the code channel, the 

30 terminal 100 has to have data both on the time difference Tslot between the 
pilot symbols 200 and on the spreading code, spreading coefficient and 
reference symbols of the code channel. The terminal 100 needs further an 
estimate of the phase of the spreading code and of the location of the 
reference symbols in a timeslot, which data the base station 102 serving the 

35 terminal 100, the base station controller 108 or some other unit in the fixed 
network part requests of the neighbour base station 104, 106. The neighbour 



WO 99/57932 



PCT/FI99/00366 



6 

base station 104, 106 transmits these data to the serving base station 102 
preferably via the fixed network part from at least one of its code channels, 
which has/have the highest transmission power in the direction of the base 
station 102 serving the terminal. The base station 102 serving the terminal 100 
5 transmits these data further to the terminal 100. Data on the signal timing are 
given to the terminal 100 preferably in respect of the timing of the serving base 
station 102. If the neighbour base station 104, 106 does not transmit a 
sufficient amount of code channels for the timing measurement to succeed, 
e.g. due to low congestion, the neighbour base station 104, 106 can add more 

10 channels to the transmission for the time the terminal 100 is measuring the 
channels. This can also happen at request of the terminal 100. It is the signal 
timing of these channels that is used in the inventive solution to locate the 
terminal 100. On these channels used particularly in locating the terminal 100, 
known reference symbols are preferably transmitted. When a radio system is 

15 only slightly congested, more channels can be added without substantially 
disturbing data transmission of other terminals. All the timings that are 
conveyed by the fixed network are preferably in respect of the timing of the 
serving base station 102. 

Let us now take a closer look on a receiver of the terminal in Figure 

20 3 applicable to the solution of the invention. The receiver comprises firstly an 
antenna 280, radio frequency parts 282 and an analogue-to-digital converter 
284. A transmitted signal is received by the antenna 280, from which the 
signal travels to the radio frequency parts 282 where a quadrature 
demodulation is performed. In quadrature demodulation, the received signal is 

25 divided into two parts, the first of which is multiplied by a radio-frequency 
cosine carrier wave, which has the form cos(co c t). The second part of the 
signal is multiplied by a phase-shifted carrier wave, which can be expressed 
such that the signal is multiplied by a sin carrier wave, which has the form 
sin(co c t). Thus, the multiplication of signals employs carrier waves, between 

30 which there is a n/2 phase shift. As the different parts of the signal are 
orthogonal to each other due to the n/2 phase shift, data parts can be 
expressed in a complex manner. Thus, the received signal U can be 
expressed in the form U = I + jQ, where I is the first data part, Q is the second 
data part and j is an imaginary unit. The quadrature-demodulated signal parts 

35 I, Q are changed in the analogue-to-digital converter 284 to complex digital 
samples. 
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A filter 300 arranged to the code of the received signal is a FIR filter 
(Finite Impulse Response), whose weight coefficients are directly derived from 
the spreading code of the used signal. The arranged filter 300 outputs the 
correlation of each signal received per each signal sample by means of one 
5 delay to be measured along with the spreading code, which is loaded to the 
arranged filter 300 from a code generator 302. The arranged filter 300 
comprises N taps, which corresponds to the delay area to be measured. As N 
signal samples have been driven through the arranged filter 300, the weight 
coefficients remaining unchanged, N correlation values have developed, 

10 preliminarily indicating an estimate of the impulse response of the channel in 
vector format. From the preliminary estimate of the impulse response, the 
effect of data modulation in a multiplier 306 is eliminated, in which multiplier 
the preliminary estimate of the impulse response is multiplied by a 
predetermined symbol sequence derived from a symbol generator 304. Thus, 

15 the estimate of the impulse response is made, and its biggest values generate 
delay estimations for multipath components of the signal. As the amount of 
noise in the signal is very high, before generating delay estimations, a series 
of consecutive estimates of the impulse response has to be filtered in 
calculating means 308 in order to establish reliable delay estimations. This is 

20 accomplished by loading the weight coefficients of the arranged filter 300 to 
the next N samples of the spreading code and by averaging the N-long 
impulse response established this way with the previous estimates of the 
impulse response. After the coherent averaging according to the invention is 
performed for the estimates of the impulse response, the delay estimations for 

25 the received signal can in principle be made. In the described receiver 
solution, delay estimations are, however, still specified by further processing. It 
is to be noticed that although the term coherent averaging is in this description 
connected to the estimates of the impulse response, any known filtering of the 
estimates of the impulse response, e.g. an IIR-based filtering (Infinite Impulse 

30 Response), can be used instead of the averaging in the receiver implementing 
the inventive solution. If several code channels are used for measuring timing, 
their known symbol sequences can be utilized by loading to the arranged filter 
at each instant of time the coefficients corresponding to the spreading code of 
the code channel by which spreading code reference symbols are received at 

35 that moment. If there is a sufficient amount of code channels in use and their 
time differences Tslot span the whole transmission period of the reference 
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symbols, the terminal can after the arranged filter constantly use a signal from 
which data modulation can be eliminated. The estimates of the impulse 
response generated in this manner can be coherently averaged, providing that 
the code channels to be used in measuring timing are transmitted from the 
5 same antenna of the base station, whereby they proceed along the same radio 
channel. 

A complex IQ signal proceeds coherently from the averaging 
calculating means 308 to selecting means 310, at which also an output signal 
of the arranged filter 300 directly arrives. The selecting means 310 can thus be 

10 used for deciding, whether or not to utilize the coherent averaging. Irrespective 
of the fact, whether to directly select the output signal of the filter 300 or to use 
the coherently averaged signal components, the signal in IQ format is squared 
(l 2 +Q 2 ) in means 312 before the averaging in means 314 to eliminate data 
modulation and phase error. As data modulation, e.g. a QPSK modulation 

15 (Quadrature Phase Shift Keying) is employed. The averaging which is 
performed after the selector 310 is called incoherent averaging. Employing 
only incoherent averaging according to the prior art has the disadvantage that 
besides the signal, also the noise in the output of the arranged filter 300 is 
squared, and thus the signal-to-noise ratio does not substantially improve after 

20 the averaging. A mere incoherent averaging helps, however, to estimate the 
peaks more reliably. In coherent averaging, the squaring is performed only 
after the coherent averaging. This requires, however, that the transmitted 
symbols, preferably pilot symbols, are predetermined, whereby data 
modulation can be eliminated from the samples. 

25 In practice, a frequency error between the transmitter and 

oscillators (not shown in the figures) in the radio frequency means 282 of the 
receiver and the Doppler shift in the signal caused by a radio channel create 
phase rotating of signal samples, and so the coherent averaging time cannot 
be very long, e.g. about 1 ms maximum. In this case, a coherently averaged 

30 estimate of the impulse response can be squared and further averaged 
incoherently at a longer period of time (more than 1 ms) in the means 314. As 
the estimate of the impulse response proceeds to a delay estimator 316, the 
delay estimator 316 seeks the peaks of the estimate of the impulse response 
representing the most important delays of the multipath-propagated signal. 

35 The shortest delay often corresponds to the time the signal has taken to travel 
the direct line of sight distance. In this way, the terminal can measure the time 
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of arrival TOA (Time Of Arrival) of the signals of the base stations and the 
observed time difference OTD (Observed Time Difference) between the 
signals. The receiver is controlled by a control unit 318 and blocks 300 to 318 
form a delay block 298, which can be a part of a RAKE receiver. 
5 Figure 4 shows a block diagram of a RAKE receiver. The received 

signal travels from the antenna 280 through the radio frequency means 282 
and the analogue-to-digital converter 284 as in Figure 3. Thereafter, a 
complex signal travels to the delay block 298, which is illustrated in more detail 
in Figure 3, and to RAKE branches 400 to 404 of the RAKE receiver. The 

10 blocks 400 to 404 typically comprise a code generator and an arranged filter to 
decode the spreading code, and each block 400 to 404 is arranged to edit the 
spreading-coded signal received at different delays. The delay block 298 sets 
the delays of the RAKE branches 400 to 404, by which the spreading coding is 
decoded. After the spreading codings of the signals received by the RAKE 

15 branches 400 to 404 have been decoded, different signal components of the 
multipath-propagated signal are combined in a diversity combiner 406, after 
which the baseband processing of the signal is continued, but the further 
processing is not substantial for the inventive solution. In the receiver, the 
amplification and frequency of the radio frequency means 282 is preferably 

20 adjusted by means of automatic gain control means 410 and by means of 
automatic frequency control means 412. 

When it comes to digital signal manipulation in particular, the 
solutions of the invention can be implemented by e.g. ASIC or VLSI circuits 
(Application-Specific Integrated Circuit, Very Large Scale Integration). The 

25 procedures to be performed are preferably implemented as programs based 
on microprocessor technology. 

Although the invention has been described above with reference to 
the example according to the attached drawings, it is obvious that the 
invention is not restricted thereto, but may be modified in a variety of ways 

30 within the scope of the inventive idea disclosed in the attached claims. 



WO 99/57932 



PCT/FI99/00366 



. 10 

CLAIMS 

1. A method of measuring signal timing to be used in the CDMA 
radio system comprising at least three base stations (102 to 106) and a 
terminal (100), which multiply a signal by a spreading code, and in which 

5 method the transmission of a base station comprises various code channels 
(CH1 to CH3) transmitted by different spreading codes, on one of which code 
channels a predetermined symbol sequence (200) is transmitted, and in which 
method the terminal (100) is in connection with at least one base station (102), 
on whose timing the terminal (1 00) stores data, characterized by 

10 conveying data on at least one code channel (CH1, CH2, CH3) 

transmitted by at least one neighbour base station (104, 106) via a serving 
base station (102) to the terminal (100), 

the terminal (100) determining on the basis of said data the 
spreading code of at least one code channel (CH1, CH2, CH3) and an 

15 estimate of the symbol timing of each code channel (CH1, CH2, CH3) in 
respect of the timing of the serving base station (102), and 

the terminal (100) utilizing on the basis of these data on code 
channels at least some of the code channels (CH1 f CH2, CH3) of the 
neighbour base station (104, 106) to measure the signal timing of the 

20 neighbour base station (104, 106). 

2. A method as claimed in claim 1, characterized by the 
terminal (100) utilizing at least some of the predetermined symbol sequences 
(200) transmitted on the code channels (CH1, CH2, CH3) by the neighbour 
base station (104, 106) to measure the signal timing of the neighbour base 

25 station (104, 106). 

3. A method as claimed in claim 1, characterized by the 
base station (102) serving the terminal (100), the base station controller (108) 
or some other unit in the fixed network requesting data on the code channels 
of at least one neighbour base station (104, 106) via the fixed network part. 

30 4. A method as claimed in claim 1, characterized by the 

neighbour base station (104, 106) selecting for data transmission code 
channels (CH1 to CH3) which have the highest transmission power in the 
direction of the base station (102) serving the terminal (100). 

5. A method as claimed in claim 1, characterized by the 

35 timing measurement also utilizing the sync channel. 
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6. A method as claimed in claim 1, characterized by the 
terminal (100) measuring the signal timing from at least three base stations 
(102 to 106) to locate the terminal (100). 

7. A method as claimed in claim 6, characterized by the 
5 terminal (100) transmitting data on the signal timing of the base stations to the 

fixed network part of the radio system to locate the terminal (100). 

8. A method as claimed in claim 6, characterized by the 
terminal (100) determining its own location by means of the signal timing. 

9. A method as claimed, in claim 1, characterized by the 
10 terminal (100) measuring the signal timing with some other neighbour base 

station (104, 106), if the signal timing fails with one neighbour base station 
(104, 106). 

10. A method as claimed in claim 1, characterized by the 
neighbour base station (104, 106) adding to its transmission at least one code 

15 channel (CH1, CH2, CH3) on which a known symbol sequence is transmitted 
to measure the signal timing of the terminal (100), and the neighbour base 
station (104, 106) conveying via the serving base station (102) to the terminal 
(100) data, on the basis of which the terminal (100) uses said code channel 
(CH1 , CH2, CH3) to measure the signal timing. 

20 1 1 . A method as claimed in claim 2, characterized by the 

terminal (100) receiving predetermined symbols (200) on several code 
channels (CH1 to CH3) of the same base station (102 to 106), the symbols 
being transmitted time-division multiplexed by the base station (102 to 106) on 
several channels (CH1 to CH3) in such a way that the predetermined symbols 

25 (200) of different code channels arrive at substantially different times. 

12. A method as claimed in claim 2, characterized by the 
terminal (100) decoding the received spreading coding of the signal of the 
code channel, multiplying the signal by a predetermined symbol sequence 
(200) to generate an estimate of the impulse response of the channel and 

30 measuring the timing of the received signal by coherently averaging the 
estimates of the impulse response. 

13. A radio system, which is a CDMA radio system in particular, 
comprising at least three base stations (102 to 104) and a terminal (100) which 
are arranged to multiply a signal by a spreading code, in which radio system 

35 the transmission of a base station comprises various code channels (CH1 to 
CH3) transmitted by different spreading codes, at least one of which code 
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channels comprises a predetermined symbol sequence (200), and the terminal 
(100) is in connection with at least one serving base station (102), on whose 
timing the terminal (100) stores data, characterized in that the serving 
base station (102) is arranged to convey data on at least one code channel 
5 (CH1 , CH2, CH3) transmitted by at least one neighbour base station (104, 
106), 

the terminal (100) is arranged to determine on the basis of said data 
at least the spreading code of at least one said code channel (CH1, CH2, 
CH3) and an estimate of the symbol timing of each code channel (CH1, CH2, 

1 0 CH3) in respect of the timing of the serving base station (1 02), and 

on the basis of data on code channels the terminal (100) is 
arranged to utilize at least some of the code channels (CH1, CH2, CH3) of the 
neighbour base station (104, 106) to measure the signal timing of the 
neighbour base station (104, 106). 

15 14. A radio system as claimed in claim 13, characterized in 

that the terminal (100) is arranged to utilize at least some of the predetermined 
symbol sequences (200) transmitted on the code channels (CH1, CH2, CH3) 
by the neighbour base station (104, 106) to measure the signal timing of the 
neighbour base station (104, 106). 

20 1 5. A radio system as claimed in claim 13, characterized in 

that the base station (102) serving the terminal (100), the base station 
controller (108) or some other unit in the fixed network part is arranged to 
request data on the code channels of at least one neighbour base station 
(104, 106) via the fixed network part. 

25 16. A radio system as claimed in claim 13, characterized in 

that the neighbour base station (104, 106) is arranged to select for data 
transmission code channels (CH1 to CH3) which have the highest 
transmission power in the direction of the base station (102) serving the 
terminal (100). 

30 1 7. A radio system as claimed in claim 13, characterized in 

that the terminal (100) is arranged to utilize also the sync channel in 
measuring the timing. 

18. A radio system as claimed in claim 13, characterized in 
that the terminal (100) is arranged to measure the signal timing from at least 

35 three base stations (1 02 to 1 06) to locate the terminal (1 00). 
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19. A radio system as claimed in claim 18, characterized in 
that the terminal (100) is arranged to transmit data on the signal timing of the 
signals of the base stations (102 to 106) to the fixed network part of the radio 
system to locate the terminal (100). 

20. A radio system as claimed in claim 18, characterized in 
that the terminal (100) is arranged to determine its own location by means of 
the signal timing. 

21. A radio system as claimed in claim 13, characterized in 
that the terminal (100) is arranged to measure the signal timing with some 
other base station (102 to 106), if the timing measurement fails with one base 
station (102 to 106). 

22. A radio system as claimed in claim 13, characterized in 
that the neighbour base station (104, 106) is arranged to add to its 
transmission at least one code channel (CH1, CH2, CH3) comprising a known 
symbol sequence to measure the timing of the terminal (100), and the 
neighbour base station (104, 106) is arranged to convey via the serving base 
station (102) to the terminal (100) data the terminal (100) uses in measuring 
the timing of the code channel (CH1, CH2, CH3). 

23. A radio system as claimed in claim 14, characterized in 
that the terminal is arranged to receive the predetermined symbols (200) on 
various code channels (CH1, CH2, CH3) of the same base station (102 to 
106), the symbols being transmitted time-division multiplexed by the base 
station (102 to 106) on various channels (CH1 to CH3) in such a way that the 
predetermined symbols (200) of different code channels arrive at substantially 
different times. 

24. A radio system as claimed in claim 14, characterized in 
that the terminal (100) is arranged to decode the received spreading coding of 
the signal of the code channel, to multiply the signal by the predetermined 
symbol sequence (200) to generate an estimate of the impulse response of 
the channel and to measure the timing of the received signal by coherently 
averaging the estimates of the impulse response. 
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V. Resoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
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1 . Statement 

Novelty (N) Claims 1-24 YES 

Claims _____ NO 

Inventive step (IS) Claims 1-24 YES 

Claims NO 

Industrial applicability (IA) Claims 1-2 4 YES 

Claims NO 



Citations and explanations 

The claimed invention relates to a method for mobile terminal 
location by measuring signal timing and a CDMA system 
employing the method. 

Sometimes a mobile terminal cannot receive signals from a 
distant base station due to the received signal-to-noise ratio 
not exceeding code channel separation between channels of an 
adjacent serving base station and the distant neighbouring 
station . 

Making the serving base station convey at least one code 
channel transmitted by a neighbouring base station solves the 
problem. Based on the code channel data the spreading code of 
at least one code channel and signal timing of the 
neighbouring base station are estimated by the mobile terminal 
and transmitted to the network which locates the mobile 
terminal in question. This is done without increasing the 
transmission power, a measure that would increase the overall 
interference. 

The following documents have been cited in the International 
Search Report: 



Dl: 


US, 


5675344, 


A 


D2: 


WO, 


9635958, 


Al 


D3 : 


WO, 


9428643, 


Al 


D4 : 


WO, 


9741652, 


Al 


D5: 


US, 


5614914, 


A 


D6: 


EP, 


0852430, 


A2 
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Continuation of: V . 

Document Dl relates to a spread spectrum system, such as a 
CDMA system (see col. 1, 11. 39-42). Dl reveals that 
trilateration using three base stations is a well-known method 
of locating a terminal (see col. 1, 11. 30-36, for reference 
also see document D2, p. 22, 1. 31 - p. 23, 1. 10). A base 
station or a base station controller can initiate a command to 
the base stations to determine the time delays between each 
base station and a mobile station, (see col. 9, 11. 45-49). 
The measurement is done at the base station. No data is 
conveyed from neighbouring base stations to the mobile station 
via a serving base station. 

D2 reveals a method for determining the location of a mobile 
station in a CDMA system. The measurements are made either by 
the mobile station or by the base stations. 

D3 shows a base station for a TDMA cellular radio network. 

D4 is about a method for controlling a wireless communication 
system. 

D5 presents a wireless telephone distribution system with time 
and space diversity transmission for determining a mobile 
station' s location. 

D6 shows a method for initial synchronisation in a DS-CDMA 
cellular system. 

The location method and the radio system described above is 
not revealed in any of the cited documents. In consequence the 
invention claimed in claims 1-24 is novel, involves an 
inventive step and has industrial applicability. 
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